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Available online 18 May 2016AbstractThe Upper Paleozoic strata of the Tarim Basin have abundant resources of marine oil and gas. In the Tahe area, Halahatang area, and Tazhong
area of the basin, many large-scale oilfields have been found. These oilfields have a confirmed oil and gas reserves worth more than
2.5 billion tons and have completed the annual output of more than 14 million tons of marine oil and gas equivalent. The belief that the only
main hydrocarbon source rocks are of the Cambrian or Ordovician is still controversial. Chemists have made significant progress and have
effectively lead the oil and gas exploration in Tarim Basin. Due to the complexity of the basin and the limitation of samples, the research work,
and fine contrast is restricted. In this article, we investigated the Cambrian strata outcrop of Tarim Basin in detail. By analyzing a lot of outcrops,
high-quality hydrocarbon source rocks of Yuertusi Formation have been found in more than 10 outcrop points in Aksu region. The source rocks'
lithology is black shale with total organic carbon (TOC) content that ranges between 2% and 16%. Total organic carbon (TOC) of the black shale
layer could be as much as 4%e16%, especially in the outcrops of the Yutixi and Shiairike. This by far is the best marine hydrocarbon source
rock that was found in China. The source rocks were distributed consistently in the Aksu region, the thickness of which is about 10e15 m. It was
formed in a sedimentary environment of a middle gentle slope to a low gentle slope. Organic matter enrichment is controlled by the upwelling
currents. The thick strata of dolostone that developed in the Xiaoerblak Formation are considered to be good reservoirs of the beach and mi-
crobial reef in the upper strata of Yuertusi Formation. No hydrocarbon source rocks have been found in the outcrop of Xiaoerblak Formation.
The thick strata of gyprock and mudstone development are a set of satisfactory cap layer in the Lower Cambrian. This hydrocarbon accumulation
combination has great exploration potential.
Copyright © 2016, Lanzhou Literature and Information Center, Chinese Academy of Sciences AND Langfang Branch of Research Institute of
Petroleum Exploration and Development, PetroChina. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is
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The Lower Cambrian black shales' series are extensively
distributed in the world; its depositions are considered in the
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that lead to the ascending global sea-level, the weak hydro-
dynamic conditions of deep-water reduction are widespread in
the revivification environment. Thus, a set of extensive global
black shale distribution formed [1]. For oil and gas explora-
tion, high-quality source rock develops in the Lower
Cambrian. Studies suggest that the set of black shale reflects
the Early Cambrian oceanic anoxic events [2,3], especially the
sedimentary mineral characteristics and hydrocarbon genera-
tion of biological oxygen and carbon isotope, biomarker
compounds, and so on that showed unique features. The Early
Cambrian's oceanic anoxic event was a major geological events AND Langfang Branch of Research Institute of Petroleum Exploration and Development, Petro-
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
22 G. Zhu et al. / Journal of Natural Gas Geoscience 1 (2016) 21e33that deposited material reflects [4]; this event has important
research value and academic significance.
Recently, large oil and gas fields were found to be related to
the black shale source rock of the Lower Cambrian series,
namely, such as the Eastern Siberia Platform, Oman Basin,
Sichuan Basin, Tarim Basin et cetera. Among them, the
southern part of the Eastern Siberian Basin oil source showed
that both oil and gas primarily comes from the black shale of
the Riphean and Vendian Series (amount to Precambrian and
Cambrian Series). The set of source rock section has a TOC
value of more than 5% with the kerogen type of Ⅱ [5,6]. In
Oman Basin, the main source rock is from the Vendian Series.
The main source rock is widely distributed with a thickness of
about 450 m; the source rock developed rich in algae, bacteria,
and cyanobacteria. The average TOC value is 2%, and the
kerogen type is Ⅰand Ⅱ [7,8]. In the Cambrian Qiongzhusi
Formation (Jiulaodong Formation) mud shale is one of the best
source rocks in the Sichuan Basin. There is an abundance of
organic matter; the TOC could reach more than 6%. The
highest average TOC is 2.84%. The mud shale source rock are
distributed widely in the area with a thickness generally be-
tween 100 and 400 m, this is the source of the Weiyuan Gas
Field [9,10] as well as one of the main zone for shale gas
occurrence in the Sichuan Basin [11]. The sets of source rock
formed in a certain environment with reduced salinity. The
biological algae mainly come from the lower aquatic organ-
isms. The organic composition is given priority to sapropel.
Presently, the petroleum system, formed by ancient source
rock, became a hotspot of natural gas exploration in Sichuan
Basin.
Tarim Basin is China's largest oil and gas basin; this is also
the only craton basin for mass production of marine crude oil
in China. The Upper Paleozoic carbonate rock formations are
important exploration sites. Ordovician has the largest amount
of oil and gas reserves that has been found. At present, CNPC
and SINOPEC found more than 30 gas and oil fields such as
Halahatang area, Tazhong area, Tahe area, et cetera. These
oilfields have a confirmed oil reserves of more than
2.1 billion tons, and gas reserves of more than 500 billion
cubic meters. The western oil and gas district has an annual
output of more than 14 million tons of marine oil and gas. In
the recent years, profound research on ancient carbonate
sedimentary reservoir, especially the slot pores' karst reservoir
forming a mechanism, oil and gas accumulation and adjust-
ment, the secondary oil and gas geochemical role and phase
transformation were carried out. The top notch intense study
of oil, gas, et cetera consequently lead to important progress
made [12e21]. These studies strongly support the pace of
China's marine carbonate oil and gas exploration and devel-
opment. Several geochemists have done a lot of fruitful work
which is an effective guidance for the Tarim Basin oil and gas
exploration work. However, due to the complexity of the basin
and samples' limitations, some research work and fine contrast
were restricted. The oil and gas source point was not estab-
lished by the exploration experts' consensus. So, the main
source rock controversy never stopped. Different scholars
made a lot of advancement from the perspectives of biomarkercompound, isotope research, et cetera. They placed forward
that the source rock is either from the Ordovician, the
Cambrian or from both [22e26]. Explorers basically have
different points of view.
In fact, this kind of dispute reflects the complexity of the
Tarim oil and gas formation and source. One reason is due to
lack of core data, depth of source rock, high thermal evolution
degree, and lack of effective source rock samples we can't
provide direct evidence of the source. Another is that the basin
is excessively large. The same series of hydrocarbon in
different zones were generated from a source rock of different
biomarker compound characteristics. Whilst there are different
series of hydrocarbon that has similar source rock biomarker
compound characteristics. Thus, the direct evidence suggest-
ing that the Cambrian or the Ordovician is the source has not
completely convinced experts yet.
Despite everything, the deep series exploration of the Tarim
Basin never ceased. The Well Tashen 1dAsia's deepest dril-
ling well, hasn't found the Ordovician source rock it also did
not get any industrial oil. However, oils have been seen in the
Ordovician which implies that the possibility of oil and gas
sources in Cambrian strata exists. Well Xinghuo 1 drill out the
Yuertusi Formation black shale, with a thickness of about
20 m. Cuttings analysis showed that the organic matter was
abundant; this helped in the further determination of the Lower
Cambrian series development of high-quality source rock.
PetroChina Tarim Oilfield Company deployed the Well
Zhongshen 1C in the central uplift (6861e6944 m, Lower
Cambrian Series Xiaoerblak Formation). In July 2013, through
a 6 mm nozzle choke production, oil pressure was said to be
about 40 MPa. The highest daily gas output was 216,677 m3
and eventually it gave a stable output of 158,545 m3 [27] as
well as a small amount of gas condensate. It's the first time that
the Tarim Basin gave out industrial oil and gas in the dolo-
stone stratigraphy pre-salt, this confirmed that the Cambrian
pre-salt dolostone has a large-scale accumulation of petroleum
in geological conditions. It set up new exploration strata
leading the Tarim Basin to the Cambrian strata of large-scale
deep oil and gas exploration work that will ignite a debate
regarding oil source.
Cambrian Yuertusi Formation source rocks are widely
distributed in the Aksu region, but only the Well Xinghuo 1
drilling had good-quality source rock in the basin area. The
other 20 well drillings through the Cambrian either missed the
Yuertusi Formation or no source rock existed at all. Manxi
platform which has the greatest possibility of development has
deep buried source rock today and there are many difficulties
in getting a sample. Based on this, the authors' preliminary
research on the Cambrian source rock's characteristics, origin,
distribution, formation mechanism, and hydrocarbon genera-
tion showed an outstanding potential through field exploration
and indoor analysis.
2. Outcrop reconnaissance and sample analysis
From July to August in 2015, the researchers reconnoiter
the southwestern new Tibet road area and Aksu region, twice.
23G. Zhu et al. / Journal of Natural Gas Geoscience 1 (2016) 21e33In the south-western new Tibet road area, no Cambrian series
or Sinian system effective source rock was found (Sinian
system argillaceous rock is lithologically thick, maroon
colored, with sampling analysis of TOC value less than 0.3%).
Therefore, the Aksu region Cambrian outcrop is better. Yuer-
tusi Formation high-quality source rock was found in more
than 10 sectional positions (Fig. 1). Because the Yuertusi
Formation contains phosphate rocks that are being mined, a
better profile is exposed for easy observation and sampling.
Prof. Ping Guan from Peking University, Prof. Ping Luo from
PetroChina Research Institute of Petroleum Exploration and
Development, Prof. Duan Zhong from Yunnan, Guizhou, and
Guangxi Marine Oil Research and Consultative Department in
Kunming, Prof. Wenqing Pan from the Exploration and
Development Research Institute of PetroChina Tarim Oilfield
Company, and senior engineers Zhilin Yang, Yongquan Chen,Fig. 1. Outcrops location and the lithology histogram of the Cambrian in the Tarim
Yuertusi Formation (According to the Xiong et al. [28] modified); (b) Outcrops loca
of the Cambrian, Tarim Basin.Baohua Li, Wei Yan, and Yixue Xiong from the Exploration
and Development Research Institute of PetroChina Tarim
Oilfield Company, etc. have executed various reconnaissance
or measurement extents of the profiles in addition to Kuwati
profile, which provided great help for the field work of this
study.
We selected more than 400 pieces of Sinian and Cambrian
mudstone samples from the outfield. The rock pyrolysis and
total organic carbon content (TOC) determination were
completed by Rock-EvalⅡ, a rock pyrolysis evaluation in-
strument made by the French company named VINCI. Among
these, 15 pieces samples from the Sinian system have low
TOC value. The Yuertusi Formation organic matter content is
high. The main TOC value is more than 2%. Two section of
Xiaoerblak Formation were determined in detail. The TOC
values are less than 0.2%, no effective source rock was found.Basin. (a) Outcrops location, wells location, distribution and thickness of the
tion and drive routes of the Cambrian in Aksu area; (c) The lithology histogram
24 G. Zhu et al. / Journal of Natural Gas Geoscience 1 (2016) 21e333. The characteristics of Yuertusi Formation outcrops3.1. Kungaikuotan East sectionKungaikuotan section is located 120 km southwest from the
Aksu region; the section is named after the Kungaikuotan
village. There are many sections nearby the Kungaikuotan
section; the exposed Yuertusi Formation was due to the
exploitation of phosphate rock (Fig. 2). In this paper, two
completely exposed sections were chosen to do systematic
sampling. We named one the Kungaikuotan East section and
the other the Kungaikuotan West section. Both sections were
found in the Kungaikuotan phosphate rock exploitation gap.
The length of both sections is more than 1 km, and the dis-
tance between them is about 500e1500 m.
The Kungaikuotan East section has a dip angle of 35 that
extends from the valley's mouth up to the top of the mountain.
The lithology is an interbed of black mudstone and thin lime-
stone with a dolomite interlayer that is 1 m thick. The lithology
of the bottom section shows a set of thin siliceous rock which is
parallel unconformity contact with the Sinian series.
According to the data collected by Prof. Ping Guan, in this
section, the thickness of the Yuertusi Formation is about 32 m,
which can be divided into 9 layers [29]. Due to serious
weathering at the top of the mountain, this research was only
able to collect samples from the first to the fifth layer. The
lithology of the first layer shows taupe and ash black thin layer
siliceous rock containing phosphorus with the thickness of
about 2 m. Irony concretion is widely developed inside theFig. 2. Schematic lithology and photoglayer. The lithology of the second layer shows black shale with
the thickness about 3 m. There is a set of an interlayer of ash
black siliceous rock at the bottom. The upper part is pure black
shale, organic carbon content of the hydrocarbon source rock
could reach up to 16% (Fig. 3).3.2. Kungaikuotan West sectionKungaikuotan West section is positioned opposite the
Kungaikuotan East section. All 9 layers of the section could be
systematically observed and sampled. The microbial reef is on
top of the Kungaikuotan West section (Fig. 4a,b), which is the
bottom of Xiaoerblak Formation and its thickness is about
5 m. The lithology of the reef is ash black algae laminar
dolomite. There's evident development of layered pores and
asphalt with a hefty amount of oil.
In this particular section of the Yuertusi Formation, 43
samples were analyzed. The data shown in Figs. 4c and 3 of the
two sections of the Yuertusi Formation implies that the hydro-
carbon source rock can be considered to be in the same section.
They have similar lithology and there's only a little difference in
terms of the thickness of the gray dolomicrite in the third layer,
which is about 0.2e1.5m. TheTOCvalue of the blackmudstone
varies from 1.16% to 6.0%. No hydrocarbon source rock sample
that was taken had TOC value more than 10%. This may be
associated with outcrop weathering.
On the upper Yuertusi Formation, the lithology is an
interbed of micrite and dark gray argillaceous rock. Twelve
samples were analyzed in which two of them have a TOCraph of the Kungaikuotan outcrop.
Fig. 3. The vertical distribution of organic matter content and sampling location of Kungaikuotan East outcrop.
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more than 0.5% (Fig. 4b). Dolomite pore developed on the top
of the section and asphalt can be observed (Fig. 5), with a
significant amount of oil. Overall, the cumulative thickness of
the Yuertusi Formation black shale, which has organic matter
content more than 1.0%, is about 12 m.Fig. 4. The vertical distribution of organic matter content and sampling location of
of the lower Xiaoerblak Formation; (c) Photograph of the lower Yuertusi Formatio3.3. Yutixi sectionYutixi section is located southwest of the Aksu region, and
it's approximately 115 km away from Aksu city as well as
5 km away from the Kungaikuotan section. It is named after
the Yutixi village not far away. The section is exposed on thethe Kungaikuotan West outcrop. (a) Outcrop characteristics; (b) Microbial reef
n.
Fig. 5. Distribution characteristics of dolomite pores and asphalt of the Yuertusi Formation in western Kungaikuotan ditch outcrop. (a) Dolomite pores distribution;
(b) Asphalt filling distribution.
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mining excavation, the section extended to 10 km along the
top of the mountain to the northern and southern sides.
Therefore, hydrocarbon source rocks (Fig. 6) became easy to
be observed and sampled.
The lithology of the Yutixi section is similar to the Kungai-
kuotan section. The strata had comparable thickness. Samples
were extracted by dividing the section into six layers (Fig. 6).
The lithology of the first layer is ash black thin layer siliceous
rock containing phosphorus with a thickness of about 2 m. The
lithology of the second layer is primarily black shale with a
thickness of about 3 m. Hydrocarbon source rocks of organic
carbon content are lower than that of the Kungaikuotan section
(TOC< 5%). The lithology of the third layer is gray dolomicrite
with a thickness of about 1 m, which is distributed in a stable
manner with the structure of erosion. The lithology of the fourthFig. 6. The vertical distribution of organic matter clayer is sage green quartz sandstone that includes glauconite and
it's about 1m thick. The fifth layer is similar to the fourth and the
fifth layers of the Kungaikuotan East section. The lithology is an
interbed of black shale and a thin layer of gray micrite with a
thickness of about 2 m. The lithology of the sixth layer is a thin
layer of gray micrite that was severely weathered. However, it
was not sampled.3.4. Sugaiteblak sectionThe Sugaiteblak section is located southwest of the Aksu
region and is 100 km away from the Aksu city. This section
was named after the Sugaiteblak village nearby. This section is
quite convenient to reach and easy to find with the classic
characteristics of two stage of the large microbial reef
(Fig. 7a). The exposited layer is Qigeblak Formation in Sinian,ontent and sampling location of Yutixi profile.
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and Shayilik Formation from the bottom to the top in turn. The
mountain is 100e300 m high and is extremely steep. This
section is more than 10 km long extended from the north to
south. Due to the mining excavation, the Yuertusi Formation
was destroyed and was severely weathered. The Xiaoerblak
Formation is exposed that makes it quite conducive to perform
the microbial reef research. Sedimentary sequence character-
istics of the microbial reef were significant.
The boundary between the siliceous rock at the bottom of
the Yuertusi Formation and the yellowish-white dolomite at
the top of the Sinian is quite clear. The pale thin layer dolo-
micrite at the top of the Yuertusi Formation is conformable
with the dark-gray dolomite at the bottom of the Xiaoerblak
Formation. There were some noted dolomite fractured-pores in
the Yuertusi Formation. The fresh section is rich in asphalt
(Fig. 7bed), with a distinct indication of oil.
According to outfield reconnaissance by Prof. Ping Guan
et al., the Yuertusi Formation is divided into four layers in this
section. The first layer is about 1 m thick. The lithology is
black shale containing yellow-green phosphate rock, and a
thin layer of taupe siliceous rocks at the bottom. The second
layer is about 2 m thick. The lithology is drab yellow fine-
crystalline dolostone and a thin layer of the yellow-green
turbidite containing clastic carbonaceous at the bottom. The
third layer is about 10 m thick. The lithology is an interbed of
gray thin-layer micrite and black shale. The layer of black
shale is a high-quality source rock development section
(Fig. 8). The TOC value is more than 1% and the thickness isFig. 7. Characteristics of the Sugaitblak outcrop. (a) Photograph of the outcrop; (b)e
Formation.about 5 m. The lithology of the fourth layer is gray dolomicrite
with a thickness of about 9 m.3.5. Shiairike sectionTheShiairike section is located southwest of theAksu region,
around about 30 km away from the Aksu city. This section is
named after the Shiairike village and was formerly named
Xiaoerblak East section. This section is the most ideal in the
Yuertusi Formation source rocks study. It was exposed halfway
up the mountain at 200 m high, and the slopes are 35e45.
The black shale in the Yuertusi Formation of the Shiairike
section was thicker and it contain some asphaltic on the fresh
side. Based on the organic matter analysis, the TOC value
could reach 11.5% (Fig. 9). According to the lithological as-
sociation characteristics, the section could be divided into four
layers. The first layer is the classic siliceous rock with apatite
concretion and gray sandy dolomite interlayer. The color is
taupe and ash black, and the thickness is about 4 m. The
second layer is a set of taupe dolomite that's 0.5 m thick. The
third layer is black shale with abundant organic matter that
measures higher than 2%. This layer is 10 m thick which is a
high-quality source rock containing some siliceous rock and
dolomite. The fourth layer is gray and white gray micrite
dolomite that's 5 m thick.
Comprehensive analysis shows that the classic siliceous
rock developed in the Yuertusi Formation in the Shiairike
section. The black shale layer is similar to the Kungaikuotan
section and the Yutixi section. The heavy-bedded dolomite(d) Distribution of dolomite pores filling with asphalt in the Lower Xiaoerblak
Fig. 8. The vertical distribution of organic matter content and sampling location of the Sugaitblak outcrop.
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set of the black shale and the overlying layers.3.6. Kuwati sectionKuwati section is located in the northeast of the Aksu region,
the section is roughly 120 km away from Aksu city and 60 kmFig. 9. The vertical distribution of organic matter conteaway from the Shenmuyuan scenic region. The section is about
2600 m above sea-level with poor traffic conditions. Snow
Mountain can be seen clearly from the distance. SinianQigeblak
Formation, Cambrian Yuertusi Formation, Xiaoerblak Forma-
tion, and more were exposed completely in the outcrop.
Due to mining excavation, Yuertusi Formation became
exposed in several places. In this article, we chose a prospectingnt and sampling location of the Shiairike outcrop.
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shale sections have high organic carbon content. The shale is
about 3 m thick and it has a TOC value more than 6% (Fig. 10).3.7. Other sections
3.7.1. Wushi phosphate section
The Wushi phosphate section is located 100 km southwest
of the Aksu city and about 20 km up north to the Sugaitblak
section. The section is generally exposed in the outfield. Ac-
cording to the lithological association characteristics, the
section could be divided into four layers. The lithology of the
bottom part is an interbed of thin layers of ash black siliceous
rocks and yellow-green phosphate rock. The lithology of the
upper part is mainly gray dolomicrite. The Yuertusi Formation
hydrocarbon source rocks are visible along the phosphate rock
pores, which is chiefly composed of ash black siliceous rock
that's 2e4 m thick. The Yuertusi Formation black shale is
thinner. The TOC value ranges from 1.2% to 5.0% (Fig. 11a).
3.7.2. Xiaoerblak section
Xiaoerblak section is located southwest of the Aksu city,
which is the classic section of Sinian-Cambrian-Ordovician
built in the Tarim Basin. There is no deficiency in the for-
mation of the Ordovician strata, Cambrian strata, and Sinian
strata. The boundary tablets were established because the
boundary of Cambrian and Sinian is distinct. The lithology of
the bottom of the Yuertusi Formation is a severely weathered
gray phosphorus shale. Deeper pore sampling didn't provide
high-quality hydrocarbon source rock. The argillaceous rocks'
TOC value that's less than 0.5% suggests weathering, but
bituminous dolomite could be seen in the XiaoerblakFig. 10. The vertical distribution of organic matter conFormation (Fig. 11b). The fault zone is full of 2e5 cm thick
asphalt (Fig. 11c). Therefore, it infers that the section devel-
oped the Yuertusi Formation's hydrocarbon source rock.
3.7.3. Xiaoerblak West section
Xiaoerblak West section is located about 50 km southwest
of the Aksu city. The section is similar to the Xiaoerblak
section. The boundary between the Cambrian and the Sinian is
Unobstructed. The Yuertusi Formation is exposed and is 20 m
thick. The lithology of the section's bottom is a classic Yuer-
tusi Formation ash black siliceous rock, which is parallel but
unconformity with the Qigeblak Formation. The lithological
association of the overlying layer is mainly an interbed of
dark-gray shale and thin layers of sandy limestone with
mudstone content declining and limestone and dolomite con-
tent increasing from the bottom to the top. The section un-
derwent serious weathering. Most of the samples have TOC
value less than 0.5%. The bottom of Yuertusi Formation is
seriously extrusion deformed (Fig. 11d).
Yuertusi Formation source rock was found in several out-
crops in the area between the Sugaiteblak section and the
Kungaikuotan section. The TOC value is mainly 1.5%e4.5%.
That means that the Yuertusi Formation source rock was
widely developed in the Aksu region.
4. Sedimentary environment and distribution
characteristics of the hydrocarbon source rocks in
Yuertusi Formation
The sedimentary model is the main component of the
research on sedimentary environment and distribution charac-
teristics of the hydrocarbon source rocks. Studies on thetent and sampling location of the Kuwati outcrop.
Fig. 11. Photographs of the outcrops and the total organic carbon (TOC) content of Yuertusi Formation. (a) The vertical distribution of organic matter content and
sampling location of Yuertusi Formation in the Wushi phosphate cave; (b) Dolomite filling with asphalt in the Xiaoerblak Formation in the Xiaoerblak outcrop; (c)
Xiaoerblak fault filling with asphalt; (d) Fold structure of the Yuertusi Formation in Xiaoerblak west ditch.
30 G. Zhu et al. / Journal of Natural Gas Geoscience 1 (2016) 21e33sedimentary facies paleogeography and development mode in
the Yuertusi Formation of the Tarim Basin [30e33] can be
divided into two. First is that Baomin Zhang et al. [32] proposed
that the development model is a hot water activity-rising cur-
rents-anoxic event pattern, the decline in hydrothermal activity
and the ascending current influences the development of hy-
drocarbon source rocks in the region where craton marginal
depression basin region and platformebasin transition zone.
This standpoint figures that the seafloor hydrothermal activities
offer awide range of nutritional components to the homonemeae
which is the hydrocarbon biological generation. Shuichang
Zhang et al. [34] also found out that the iron group elements,
trace elements, and the TOC value present obvious positive
correlation which approves his viewpoint. This stand figures out
that the upwelling that developed mainly in the open ocean,
carried the underlying hydrothermal activity nutrients to the
surface that caused surface creature, such as diatoms and radi-
olarian, to multiply and develop. The special sedimentary
environment layer developed biogenic siliceous rocks [35].
Another viewpoint was proposed by Qingwen Pan [33] who
declined that the sedimentarymodel of theYuertusi Formation is
the gentle slope. Themudstone in theXidashan Formation in the
Well Tadong 2 (this is equivalent to theYuertusi Formation in the
Aksu region) developed in the deep shelf, and the siliceous rock
and black shale in the Well Xinghuo 1 in the Taxi platform
developed in an under gentle slope.
This field work shows that the lithology in the Kungaikuotan,
Yutixi, Sugaiteblak, and Xiaoerblak sections are comparative(Fig. 12a). The gray-black siliceous rock is at the bottom of the
layer overlying the black shale in the middle part of the layer.
The gray limestonewith thinner dark-graymudstone is at the top
of the layer. Established on the phosphatic nodule thatwas found
at the bottom of the layer, the sedimentary environment is a
deepwater slope. The siliceous rock and black shale had high
TOC value in the Shiairike section and is much thicker than that
in other sections. The sedimentary environment in the area is an
under-compensated deepwater basin. Using the measured data
and lateral comparison as a basis, this paper amended the
development model of the hydrocarbon source rocks in the
Yuertusi Formation and proposed that the sedimentary envi-
ronment is the middle under of the shelf of the gentle slope
(Fig. 12b). The development of the hydrocarbon source rocks
was controlled by a multi-factor, namely, the upwelling, the
hydrothermal activity, the sea-level eustacy, and the organic
matter preservation conditions.
5. Sectional characteristics in the Xiaoerblak Formation
The Xiaoerblak Formation lithology in the Lower
Cambrian was a set of thickly layered dolomite which is
overlying the black shale in the Yuertusi Formation. The
dolomite developed a large number of cyanobacteria with high
properties in the microbial reef [36], which is the main
reservoir in the Cambrian that has great exploration potential.
Field observations showed that the lithology of the lower
part of the Xiaoerblak Formation is mainly dark-gray colored
Fig. 12. Stratigraphic column and sedimentary schematic diagram of the Yuertusi Formation in the Tarim Basin. (a) The contrast of outcrops of the Yuertusi
Formation in the Aksu region; (b) Sedimentary schematic diagram of the Yuertusi Formation (According to the Ref. [32,33] modified); (c) Outcrops' location.
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microbial reef and particles with grain dolostone. The sedi-
mentary model is the gentle slope in the platform margin. A
lot of sampling works was arranged with the ash black dolo-
micrite. All 65 samples in the Xiaoerblak West section in the
Xiaoerblak Formation had low TOC value that is not the
source rock. The maximum TOC value is 0.16%, and the
average TOC value is only 0.07% (Fig. 13). In order to figure
out the resource rock in the Xiaoerblak Formation, we carried
out a sampling on multiple sections, such as the Xiaoerblak
section, Sugaiteblak section, and Kungaikuotan section. Based
on the analysis' data, there are no hydrocarbon source rocks in
the Aksu region.
Based on research and statistical results, there are no Sinian
hydrocarbon source rocks in the southwest of Tarim Basin as
well as along the Xinjiang-Xizang highway line and Aksu
region. In the Aksu region, the Yuertusi Formation of the
Cambrian developed high-quality hydrocarbon source rocks
that were 10 m thick with an average TOC value of 2%
(Fig. 14). There are no hydrocarbon source rocks in theXiaoerblak Formation of the Cambrian within the Aksu re-
gion; all samples had lower TOC value less than 0.5%
(Fig. 14). The solution pores and asphalt were found in the
reservoir of the Xiaoerblak Formation, which means that the
hydrocarbon source rocks in Yuertusi Formation had been
generating and expelling hydrocarbon with a wide range of
migration.
6. Conclusions
Through analyses and reconnaissance in the field, the high-
quality marine hydrocarbon source rocks in the Yuertusi For-
mation of the Cambrian was found to have the highest organic
carbon content that goes as high as 4%e16%. Meanwhile, the
black shale distributed in the Aksu region was 10e15 m thick,
which eventually sedimented in the middle and lower part of
the gentle slope. The enrichment of the organic matter was
controlled by the rising ocean currents.
There is no hydrocarbon source rock in the Xiaoerblak
Formation of the Cambrian in the Aksu region. Dolomite
Fig. 13. The vertical distribution of organic matter content and sampling location of the Xiaoerblak Formation.
Fig. 14. Distribution histogram of total organic carbon content of samples from
the Sinian Series, Yuertusi Formation, and Xiaoerblak Formation in the Tarim
Basin.
32 G. Zhu et al. / Journal of Natural Gas Geoscience 1 (2016) 21e33reservoirs were developed in the flat reef facies and asphalt has
been found in numerous sections. The thick cream rock and
mudstone of the Middle Cambrian were forming a set of cap
rock. The source rock in the Yuertusi Formation of the Lower
Cambrian, the reservoirs in the Xiaoerblak Formation, and the
cream rock and mudstone of the Middle Cambrian has
constituted a source-reservoir-caprock association that has
promising exploration potentials.
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